Background: Taxing sugar-sweetened beverages (SSBs) has been
Introduction
In recent years, the diets of preschool children (ages 2-5 years) have become a major focus for preventing excess weight gain in children. As this period is marked by the formation of dietary preferences and behaviours that may track into later stages of life (1), the preschool years have particular importance for diet. Thus, encouraging healthy eating behaviours in preschool children could reduce the likelihood of excess weight gain at later stages. Sugar-sweetened beverages (SSBs) are the leading source of added sugars in the diets of US preschool children (2) , making them the focus of a prominent strategy for preventing excess weight gain -a 20% tax on SSBs (3) . Critics of the tax, however, have cautioned that, although it may decrease intakes of SSBs, an SSB tax might otherwise adversely affect diet quality by shifting consumers towards other foods/beverages high in fat and/or sugar (4, 5) . Although several studies have reported that a 20% tax on SSBs would decrease total energy intake and intakes of foods/beverages high in fats and/or sugar (5-9), there remain two important research gaps. First, it is unclear how a 20% tax on SSBs might influence the diets of preschool children, as prior studies have been limited to older children and adults. Unlike these populations, preschool children consume fewer calories from SSBs than older children and adults (10) (11) (12) , and their diets are largely determined by parents and/or caregivers. In addition, although some have examined an SSB tax in relation to intakes of particular foods/beverages, no study has included a measure of diet quality. Thus, although most studies show decreases in caloric intakes and intakes of SSBs, it is yet unclear whether an SSB tax would adversely influence preschool children's diet quality, including their adherence to prevailing dietary recommendations.
To address these important research gaps, we used dietary intake data from children ages 2-5 years who participated in the 2009-2012 National Health and Nutrition Examination Survey (NHANES) and computed intakes of total calories, caloric intakes of eight key beverages and diet quality using the 2010 Healthy Eating Index (HEI). We estimate the relationship between an SSB tax and diet, using the 2009-2012 Nielsen Homescan Panel (demand model). Estimates from the demand model were applied to corresponding food/beverage groups in NHANES to predict differences in dietary intakes with a 20% tax on SSBs. HEI-2010 scores and intakes of total calories and select beverages were computed with and without a simulated 20% tax on SSBs to determine (1) how a 20% tax on SSBs might influence total energy intake and intakes of beverages and (2) how a 20% SSB tax might influence overall diet quality among US preschool children.
Methods
We used food and beverage purchase and price data from the 2009-2012 Nielsen Homescan Panel, which comprises a prospective survey of US households from across 76 major markets (52 metropolitan and 24 non-metropolitan areas in 48 contiguous states) who report purchases of all barcoded food and beverage consumer-packaged goods using scanner technology. To best approximate beverage demand relationships for preschool children and their families, we included households with a single child between the ages of 2 and 5 years who participated in Homescan during survey years 2009-2012. In addition, unemployment rate data, from the US Bureau of Labor Statistics Local Area Unemployment Statistics (http://www.bls.gov/data/#employment), were matched by market and quarter with the Homescan data.
Average quarterly market-level prices were computed for all foods/beverages by group as the weighted average price per 100 g or 100 mL, by food or beverage category, market, quarter and year. Additionally, a Food Price Index was created to scale costs relative to a single geographic location and time point in order to account for differences in costs of living (including the costs of foods/beverages) by region and time.
To estimate the relationship between a targeted beverage 'tax' and food and beverage purchases, demand models were used in which food and beverage purchases by group (dependent variable) were regressed on the SSBs prices (primary independent variable). The impact of a simulated 20% beverage tax was thereby estimated from the association between higher market-level prices of the 'taxed' beverage and consumer-packaged goods purchases. Of note, this approach positions parents of preschool children, who are presumably responsible for purchasing foods/beverages for the household (including the preschool child), as the substantive target of the 'tax'. Moreover, we assume complete transference of 'tax'-related changes in parent/household's purchasing behaviour to child diet. Moreover, we assume complete transference of 'tax'-related changes in parent behaviour to child diet. A detailed description of these methods has been published previously (13) , and additional details are given in Appendix Exhibit A.
Dietary and demographic data were included from children ages 2-5 years who participated in NHANES years 2009-2010 and 2011-2012 . NHANES comprises a nationally representative survey administered by the US Department of Health and Human Services and the US Department of Agriculture (USDA) in order to monitor the diets and health of the US population. Respondents' dietary intake was ascertained using interviewer-administered 24-h dietary recalls using the five-step automated multipass method (14) . For all children younger than 6, dietary intake was reported by the child's primary guardian/caretaker. Nutrient intakes were derived using a survey-specific version of the USDA Food and Nutrient Database for Dietary Studies (15) . The first of two 24-h recalls was used to compute total energy intake, intakes of eight key beverages (described in the succeeding texts) and intakes (in USDA Food Pyramid servings/equivalents) of 37 USDA Food Patterns food and nutrient groups, including added sugars (teaspoons per day) and solid fats (in g d
À1
), using the HEI-2010 SAS macros (available at: http://appliedresearch.cancer.gov/hei/tools.html) (16) , and the population ratio approach (17) . Briefly, the HEI-2010 uses either the USDA MyPyramid Equivalents Database (18) or the USDA Food Patterns Equivalents Database (depending on survey year of data used) (19) , to compute intakes (in servings/equivalents) of 37 food patterns. Descriptions of the HEI and component groups have been previously published in greater detail (16) .
Beverages were partitioned into eight mutually exclusive groups (1) caloric soft drinks; (2) sports and energy drinks; (3) juice drinks; (4) >1% fat, high-sugar milk; (5) >1% fat, low-sugar milk; (6) low-fat, highsugar milk; (7) low-fat, low-sugar milk and (8) 100% juice. SSBs included caloric soft drinks, sports and energy drinks and juice drinks (12). Comparable beverage groups were created using both the Homescan and NHANES data. Detailed descriptions of these methods have been published (12,13). Briefly, groups were created in the Homescan purchase data using ingredient lists and product descriptions. In the NHANES intake data, groups were created using food code descriptions; when necessary, nutrition information from the USDA food database was examined, and a criterion of ≥9.0% sugar by volume was used to identify SSBs, which was consistent with recommendations from the Institute of Medicine (20) . Milk groups were also based on fat and sugar content cut-points specified by the Institute of Medicine.
To predict changes in dietary intake and quality with a 20% increase in the price of SSBs, demand model estimates (elasticities) were linked by level of household income and applied to individual dietary intake data from NHANES (including calories, sodium, monounsaturated fat, polyunsaturated fat, added sugar and solid fat content corresponding to specific foods/beverages). Mean values were estimated for total caloric intake, and caloric intake from the eight beverage groups. In addition, intakes (in servings/equivalents) of 37 food/beverage groups defined by the 2010 HEI were estimated. For intakes of food/beverage groups, simple means were computed, while the population ratio approach was used to compute mean HEI-2010 total and component scores (17) . NHANES survey weights were used to account for differential probability of selection, and values were computed with and without a simulated 20% increase in the price of SSBs. Following previous works (5-9), we assumed 100% transference of the simulated tax to 'shelf' price.
All analyses were conducted in STATA (version 13, 2011, StataCorp, College Station, TX, USA), using appropriate survey-weighting procedures for both the Homescan and NHANES data.
Results
Selected characteristics of the NHANES sample are shown in Table 1 (n = 1,706). Estimates from demand models using the Homescan data are shown in Appendix Table 2 . Values given represent the percent change in amount purchased in grams with a 20% increase in the prices of soft drinks, juice drinks and sports and energy drinks (elasticities). Overall, juice drinks were most amenable to SSB price increases (À26.1%), followed by sports and energy drinks (12.2%), fruits (À11.2%), 100% juice (9.9%) and total meats (À9.6%). Elasticities from the demand model were matched to the closest corresponding food/beverage group. The linkage between elasticities and USDA Food Pyramid groups is given in Appendix Table 3 .
Mean daily total caloric intake and caloric intakes from selected beverages under the two conditions are given in Table 2 . Total caloric intake (À28 kcal d
À1
per capita, p < 0.01) and intake of juice drinks (À20 kcal d À1 per capita, p < 0.01) wer significantly lower with a 20% tax on SSBs. Intakes of >1% fat, high-sugar milk (+7 kcal d À1 per capita) and 100% juice (+5 kcal d À1 per capita) were higher under the tax condition. Intakes of low-fat low-sugar milk, lowfat, high-sugar milk, soft drinks and sports and energy drinks differed by fewer than 5 calories between the two conditions. The HEI, which comprises a summary score out of 100 [higher = greater compliance with the 2010 Dietary Guidelines for Americans {DGA}], is computed from the summation of scores from 12 food/nutrient categories (Table 3) . For all categories but sodium, there were significant differences in scores under the null condition (no price increases applied) and under the conditions of a 20% increase in the price of SSBs (tax condition). Under the tax condition, scores for fatty acids (À1.03, p < 0.01) and total protein (À0.55, p < 0.01) were significantly lower (less compliant with DGA recommendations) compared with the no-tax condition. Conversely, scores for refined grains (+0.94, p < 0.01) and empty calories (0.89, p < 0.01) were higher (more compliant with DGA recommendations) for the tax condition. The price increase changed the total HEI score from 46.5 to 45.6 (difference: À0.85, p < 0.01).
Mean daily food pyramid equivalents consumed by children in the sample are shown in Appendix Table 1 . There were higher intakes of fluid milk (+0.74 servings per day, p < 0.01) and total dairy (+0.67 servings per day, p < 0.01) under the tax compared with no-tax. There were also reductions in the intakes of added sugars (À4.10 teaspoons per day, p = 0.03), oils (À1.57 g d
, p < 0.01), total grains (À0.65, p < 0.01), refined grains (À0.63, p < 0.01) and total meat (including eggs, soy and nuts) (À0.56 servings per day, p < 0.01).
Discussion
Our main finding was that a 20% increase in the price of SSBs was associated with a small, but significant, decrease in diet quality in US preschoolers, which appeared largely to be driven by decreases in component scores for fatty acids, total protein and total vegetables. There were also marginal decreases in 
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HEI component scores for total fruit, whole fruit, whole grains, seafood and plant proteins, and dark green vegetables (net: À2.68). Although there were concomitant increases in component scores for refined grains and empty calories, their total impact on HEI score was smaller (net: +1.83). Moreover, some USDA Food Patterns food groups that decreased with a tax were reflected in more than one HEI component, which may have given them greater influence on total HEI score. These included 'dark green vegetables, beans and peas' (reflected in both the total vegetables and greens and beans HEI components), and 'seafood' and 'legumes computes as protein foods' (both reflected in the total protein and seafood and plant proteins HEI components). Taken together, these findings suggest that a tax on SSBs should be coupled with other interventions/policies in order to improve diet quality.
Overall, we found that the diet quality among US preschool children was low, as indicated by the mean HEI score (46.5 of a possible 100 pts). This result is supported by a number of prior studies in which the diets of US preschool children were shown to be high in intakes of SSBs (12), savoury and sweet snacks, pizzas/calzones (21) and other foods and beverages high in fat and sugar (2) . Importantly, ours is the first study to examine how a tax on SSBs might influence adherence to the 2010 DGA. Nonetheless, our findings are consistent with prior studies in adults. Homescan Panel, observed that a 20% increase in the price of SSBs was associated with 24 fewer total calories purchased, of which 13 calories were attributable to reductions in SSB purchases. Others who have used the Homescan data have reported similar relationship between a 20% increase in the price of SSBs and total calories purchased and purchases of SSBs (6) (7) (8) (9) . By comparison, we found that a 20% increase in the price of SSBs was associated with 28 fewer total calories consumed, 20 of which were attributable to decreases in intake of SSBs. We found a particularly strong relationship between the price of SSBs and juice drinks purchases, which may be in part due to higher purchases of juice drinks among households with a preschool child (compared with a general sample of households).
In addition to being unique in examining the relationship between the price of SSBs and the diets of US preschoolers, our study is one of the first to use ingredient lists and product-specific attributes to categorize food and beverage purchases in this way, which is an essential step enabling us to translate purchase elasticities to dietary intake in order to estimate the influence on HEI. Thus, there is no study with which to directly compare our particular findings relating to the HEI. Nonetheless, analogous findings from the extant literature support our results. Harding et al. (22) used data from the Nielsen Homescan Panel to examine the relationship between the price of SSBs and macronutrient intake. They found that a 20% increase in the price of SSBs was associated with a nearly 20% decrease in total grams of sugar purchased (22) . Similarly, although we did not examine total sugars, we saw an 11% reduction in purchases of added sugars with a 20% increase in the price of SSBs. There are several important limitations to our study. Foremost, because our study conforms to a 'natural experiment' in which observed differences in price were used to simulate a tax, the directionality of the relationship between SSB price and diet is ambiguous. Consequently, we are limited in our ability to draw causal inferences from our findings. In addition, our demand relationships are based on data from the Nielsen Homescan Panel, which is limited to items with barcodes. Fresh meats and produce, restaurant foods/beverages and foods/beverages without barcodes or without nutrition facts panels are not well represented in the Homescan data (23) . Thus, following previous works (7, 8) , we assumed the demand relationships for the foods/beverages in our analyses did not differ for barcoded and non-barcoded items. Furthermore, we assumed proportional transference of 'tax'-related changes in per capita household changes and changes in child diet (7, 8) . However, in light of previous research indicating economic stress is associated with greater reductions in food purchases in households with children than in those without, this may be a conservative assumption. In addition, our approach does not directly account for discounts associated with purchasing greater volume of SSBs (e.g. 2 L vs 20 oz); the impact of which would be expected to increase the variance in estimation of our estimates, potentially biasing our estimates towards a null association. Our use of a single 24-h recall to estimate mean intakes of selected foods and beverages among US preschool children is another limitation. As not all respondents provided recalls on both days, choosing to use both days of recall would significantly limit our already limited sample size. Even with the use of a single 24-h recall, however, unbiased estimates of mean usual intakes of even episodically consumed foods/beverages for a sample can be obtained (24). Lastly, we did not incorporate participation in food assistance programmes, such as WIC: the Special Supplemental Nutrition Program for Women, Infants and Children or SNAP: the Supplemental Nutrition Assistance Program, into our analyses. While these data were available for NHANES, there were no comparable variables with which to estimate stratum-specific demand estimates in Homescan. Thus, we instead presented our findings by level of household income with attention to relevant income cut-points and sample size constraints.
In addition, the HEI has limitations. The HEI relies on the USDA Food Patterns food/beverage groups, among which some specific foods, such as grainbased desserts, candy and sweets and salty snacks, are not individually represented. However, these foods do contribute to the HEI scoring algorithm through the 'refined grains', 'added sugars' and 'solid fats' components (16) . In addition, the HEI scoring algorithm gives greater weight to some component groups (e.g. 'discretionary calories') and less weight to others (e.g. 'total protein') (16), which likely influenced our overall findings. Lastly, given the differences between the Homescan food/beverage groups and the USDA Food Patterns groups, determining which Homescan elasticity estimates to apply to which USDA Food Patterns groups was based on closest approximation. For some groups, there was no suitable approximation in Homescan (e.g. soy products), while other groups may have been loosely matched.
Conclusion
As the first to examine such a tax in relation to the HEI and its components, our study provides unique insights into the consequences of an SSB tax on the diets of preschool-aged children. Our findings suggest that an SSB tax might achieve the intended result of reducing intakes of SSBs and total calories in preschool children. However, an SSB tax could also have a small, but negative, impact on diet quality. Taken together, these findings offer limited support for a tax on SSBs on the diet of preschoolers but suggest that if a tax on SSBs is to be used, it must be combined with other efforts in order to improve the diets of preschool children. Our findings run contrary to studies on older children, adolescents and young adults, suggesting this population with its lower intake of SSBs represents a unique subpopulation deserving of future attention.
